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There is a consensus that Type-la supernovae (SNe la) arise from the ther- 
monuclear explosion of white dwarf stars that accrete matter from a binary 
companion. However, direct observation of SN la progenitors is lacking, and 
the precise nature of the binary companion remains uncertain. A temporal se- 
ries of high-resolution optical spectra of the SN la PTF llkx reveals a complex 
circumstellar environment that provides an unprecedentedly detailed view of 
the progenitor system. Multiple shells of circumsteller are detected and the 
SN ejecta are seen to interact with circumstellar material (CSM) starting 59 
days after the explosion. These features are best described by a symbiotic nova 
progenitor, similar to RS Ophiuchi. 

Supernova PTF 1 lkx was discovered January 16, 201 1 (UT) by the Palomar Transient Fac- 
tory (PTF), at a cosmological redshift of z = 0.04660 ± 0.00001 (1). This corresponds to 
a luminosity distance of ~ 207 Mpc. The initial spectrum of PTF 1 lkx, taken January 26, 
2011, showed saturated absorption in the Ca II H&K lines, along with weak absorption in the 
Na I D lines (Fig. 1). In interstellar gas, the Na I D lines are usually of strength comparable to 
(or greater than) that of the Ca II lines (2); thus, this combination of absorption features indi- 
cated that PTF 1 lkx may have affected its surroundings, revealing evidence of its circumstellar 
environment and progenitor system. SNe la are known to exhibit photometric (3, 4) and spec- 
troscopic (5) diversity that is correlated with intrinsic brightness, such that bright (faint) SNe la 
have relatively broad (narrow) light curves, high (low) photospheric temperature, and weak 
(strong) Si II A6150 absorption. Aside from the saturated Ca II absorption, the initial spectrum 
and a subsequent temporal series of spectra show PTF llkx to resemble SN 1999aa (6, 7), a 
broad/bright SN la (Fig. 1). This suggests that insights into the progenitor of PTF llkx may 
be applicable to SNe la generally, rather than to only a subset of peculiar objects. A complete 
sample of nearby SNe la shows that the subclass similar to SN 1999aa comprises > 9% of all 
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SNe la (8). 

We obtained high-resolution spectra (R ps 48,000) of PTF llkx with the Keck I High 
Resolution Echelle Spectrometer (HIRES) instrument at —1, +9, +20, and +44 days, relative 
to £?-band maximum light. Low-resolution spectra were obtained on 14 epochs between —3 
and +130 days and show the composition and evolution of features that are unique to SNe la 
(Fig. 1). The SN system is blueshifted from the galaxy cosmological redshift by ~ 100 km 
s _1 , as determined from the strongest narrow interstellar Na D absorption line (9, 10). An 
assumption that emission lines from a nearby H II region evident in the two-dimensional spectra 
are indicative of the progenitor velocity gives a consistent result. 

The high-resolution spectra reveal narrow absorption lines of Na I, Fe II, Ti II, and He I 
(Fig. 2). All are blueshifted by a velocity of ~ 65 km s _1 relative to the progenitor system, 
with a velocity dispersion of ~ 10 km s -1 , and are consistent with arising in the same cloud or 
shell. The sodium lines increase in depth over time, a feature which has been resolved in high- 
resolution spectra of two previous SNe la (SN 2006X and SN 20071e), and has been explained as 
the photoionization of CSM by the SN light, followed by recombination that is detected through 
the increased presence of neutral sodium {9,11). A statistical study using high-resolution spectra 
of 35 SNe la has shown that at least 20% of those with spiral host galaxies have circumstellar 
material revealed through narrow Na I D absorption lines (10). 

However, narrow lines of circumstellar Fe II, Ti II, and He I have not been seen previously 
in a SN la. He I A5876 strengthens over time, which can be explained by photoionization and 
recombination, if sufficient far-ultraviolet (UV) photons are generated in the early phases of the 
SN. SNe la are expected to produce only weak emission in the far-UV, but interaction of the SN 
ejecta with an extended progenitor such as a red giant star can produce an excess of X-ray and 
UV photons (12). Lower excitation states of Fe II AA4923, 5018, 5169 decrease in strength in 
time, while higher excitation states such as Fe II A53 1 6 remain constant. A possible explanation 
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for this is that the excitation energy of Fe II A5316 (3.153 eV) corresponds to the saturated 
Ca II K line, and thus the population of this level is unaffected by the SN light. Because SNe la 
are weak sources in the UV, the distance over which they can ionize gas is limited, and hence 
the observed photoionization indicates that the material is circumstellar (9, 11). An alternative 
explanation, as the projection effect of different interstellar clouds, was proposed for the time- 
variable Na I D lines in SN 2006X (13); however, interaction with the CSM in PTF llkx 
demonstrates conclusively that CSM is present. There are other narrow sodium features at 
different relative velocities that do not vary with time, which must originate at a larger distance 
and are most likely interstellar (Fig. 2). 

The hydrogen Balmer series is clearly detected in absorption at ~ 65 km s _1 , and is consis- 
tent with being at the same velocity as the Fe II, Ti II, Na I, and He I lines (Fig. 2). The Ha 
and H/3 lines show narrow P-Cygni profiles, which are characteristic of an expanding shell of 
radiating material. The presence of circumstellar hydrogen has long been identified as one of 
the characteristics expected in the single-degenerate SN la progenitor model (14, 15), but has 
only been detected in at most two other cases, SN 2002ic (16) and SN 2005gj (17), and only at 
levels much stronger than in the early epochs of PTF 1 lkx. 

These narrow features of H, He, Fe, Ti, and Na arise from material that is distinct from the 
stronger Ca absorption, which, owing to its more blueshifted absorption minimum of ~ 100 km 
s -1 , must be at a higher velocity. In fact, at later epochs, emission lines of Ca and H emerge, 
marking the onset of interaction between SN ejecta and CSM. This transition of circumstellar 
lines from absorption to emission has not previously been observed in a SN la, and shows 
definitively the presence of CSM. Narrow absorption components can be seen atop the broader 
emission (FWHM m 1000 km s _1 ; Fig. 3), indicating that there are two regimes of material, 
with the faster-moving H and Ca interior to the slower-moving shell (Fig. 4.) 

The saturation of the Ca II K line near maximum light requires that no part of the SN 
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photosphere is uncovered by the absorbing material; this constrains the distance of the absorbing 
cloud from the progenitor to be further than the SN ejecta, and the size of the cloud to be as 
large as the SN photosphere. Assuming typical values for the ejecta expansion velocity of the 
outer layers of the exploding white dwarf of 25,000 km s~\ and mean photospheric velocity 
of 10,000 km s^ 1 , these constraints are ~ 4.3 x 10 15 cm and ~ 1.7 x 10 15 cm, respectively 
(Fig. 4). The column density of Ca II in the near-maximum-light spectra is determined to 
be ~ 5 x 10 18 cm -2 (18). Assuming that the Ca is part of a spherical shell of material with 
uniform density would imply a total mass in the CSM (~ 5.3 M Q ) which is incompatible with 
the photometric behavior of the SN (18). Therefore, the material must be non-uniform. A small 
range of viewing angles that intersect such a dense cloud of absorbing material may partly 
explain the rare occurrence of variable absorption features in SNe la. 

The Ca II H&K lines detected in lower resolution spectra confirm the disappearance of the 
absorption over ~ 40 days and the emergence of a broad emission feature in the spectrum taken 
+39 days after maximum (Fig. 1). The broad emission feature initially exhibits a narrower 
absorption component as well (possibly because of an outer shell of CSM; Fig. 4), but this 
is no longer evident after day +56. At day +39, Ha also begins to exhibit a broad emission 
component. Assuming a rise time of ~ 20 days and an ejecta velocity of 25,000 km s _1 would 
imply that the location of the interaction is ~ 10 16 cm. The temporal evolution of the Ca II K 
and Ha lines are shown in Fig. 3. 

A model for the progenitor of PTF 1 lkx must thus explain the presence of multiple compo- 
nents of CSM, fast-moving material interior to slower moving material, velocities of the narrow 
absorption components that are larger than typical red giant winds, and a region evacuated of 
CSM, leading to a delay between explosion and the emergence of broad components of Ca and 
H emission. A SN la occurring in a symbiotic nova system naturally provides an explanation 
for all of these features. In this model, accretion onto a near-Chandrasekhar-mass white dwarf 
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occurs through the wind from a red giant star. The wind also deposits CSM into the system 
which is concentrated in the orbital plane (19). Episodic thermonuclear runaways on the sur- 
face of the white dwarf cause nova events, which eject a mass of ~ 1CT 7 M Q at velocities of 
thousands of km s _1 . This process results in expansion velocities of CSM at ~ 50-100 km s _1 
concentrated in the orbital plane, as is observed in high-resolution spectra of RS Ophiuchi (20). 
The delay in the interaction between SN ejecta and CSM, leading to the emergence of the broad 
Ha and Ca II emission, is explained as being due to an evacuated region around the SN caused 
by the previous nova event (21) that will be present until the red giant wind has had time to 
replenish the local CSM. 

The system of features seen in the spectra of PTF llkx is inconsistent with expectations 
for double-degenerate SN la progenitors. Double-degenerate SN la progenitors first go through 
a common-envelope phase where the outer layers of the secondary are stripped, resulting in 
large amounts of CSM. However, it is generically expected that the envelope material will have 
dissipated by the time of the SN la event (22). Recent modeling of the white dwarf merger 
process in double-degenerate SN models suggests that heating in the accretion disk can drive 
a wind, depositing CSM into the system; however, because of the previous common-envelope 
phase, the presence of hydrogen cannot be accounted for (23). Alternative models for SN 2002ic 
and SN 2005gj which suggested that they were not SNe la are also implausible for PTF 1 lkx 
(18). 

For epochs less than ~ 20 days after maximum, the light curve of PTF 1 lkx resembles that 
of typical broad/bright SNe-Ia (18). Using the color law of the SiFTO (24) light-curve model, 
we estimate that PTF 1 lkx is only moderately extinguished by dust (~ 0.5 mag in V), and that 
the absolute magnitude (My « —19.3) is as expected for a SN 1999aa-like SN la. At epochs 
later than ~ 20 days, the light curve appears brighter than the SN la templates, indicating that 
some brightening due to CSM interaction has begun. At an epoch of ~ +280 days the SN is 



7 



at an absolute magnitude of ~ —16.6, roughly 3 mag brighter than expected, indicating that 
circumstellar interaction is still ongoing. Circumstellar interaction, including broad H emis- 
sion and excess luminosity, was observed previously in SN 2002ic and SN 2005gj, which had 
the appearance of the extreme broad/bright SN 199 IT, superposed with features from strong 
CSM interaction. The strength of the interaction casts some doubt on their identity as SNe la, 
which is not the case for PTF llkx (Fig. 1). Indeed, PTF llkx bridges the observational gap 
between broad/bright SNe la and SN 2002ic/SN 2005gj, showing that SNe la exist with CSM 
interaction that is weaker and begins much later after explosion. This supports and enhances the 
interpretation that the earlier SNe with H emission were SNe la, where the strength of the CSM 
interaction depends on details of the progenitor system, such as the mass-loss and accretion 
rates and the time since the last nova eruption. 

Measurements of the host-galaxy properties for SNe la suggest that broad/bright SNe la 
arise from relatively young stellar populations (25), and a complete understanding of SN la 
progenitors must account for the occurrence of CSM interaction preferentially in young pro- 
genitor systems (10). The host galaxy of PTF 1 lkx is a spiral galaxy with active star formation, 
and therefore has a substantial fraction of young stars. In contrast to SN 2002ic/SN 2005gj, the 
host galaxy has typical values for mass and metallicity, so there is no evidence that PTF 1 lkx 
must have come from an atypical stellar population. 

There are several indications that white dwarf mergers are required to explain some SNe la, 
including the rate in old stellar populations (26) and the existence of SNe la radiating at a lu- 
minosity that requires an exploding white dwarf above the Chandrasekhar limit (27, 28). The 
lack of a surviving companion near the remnant of a SN la in the Large Magellanic Cloud has 
provided evidence for a double-degenerate progenitor for that particular case (29). A symbi- 
otic nova progenitor has been ruled out for the nearby SN la PTF1 lkly/SN 201 lfe (30), which 
implies either a main sequence companion or a double-degenerate progenitor (31, 32). On the 
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other hand, the detection of CSM, inferred through either temporal variability (9,11) or statisti- 
cal analysis of the velocity (10) of narrow absorption features, has provided recent evidence in 
support of the single-degenerate progenitor scenario for some SNe la. The remnant of Kepler's 
SN shows evidence for interaction with a circumstellar shell which supports a single-degenerate 
progenitor for that SN la (33). 

The system of features observed in PTF 1 lkx supplies direct evidence for a single-degenerate 
progenitor with a red giant companion, and our data suggest a link between SNe la that show 
weaker signatures of the circumstellar environment (SN 2006X, SN 20071e, Kepler's SN) and 
those that show stronger signatures (SN 2002ic, SN 2005gj). The fraction of SNe la that ex- 
hibit prominent circumstellar interaction near maximum light is ~ 0.1-1%, but more subtle 
indications of a symbiotic progenitor could be missed in typical SN observations (18). Addi- 
tionally, even more extreme interaction of a SN la with CSM would not be distinguishable from 
a Type Iln SN, and it has been speculated that some SNe Iln are in fact SNe la hidden within 
very strong CSM interaction (16). Our data imply that there is indeed a wide range of CSM 
interaction possible from SNe la, and support this interpretation. If this is the case, then current 
estimates of the rate of SNe with progenitors similar to that of PTF 1 lkx will be underestimated. 
Theoretical expectations for the fraction of SNe la from the symbiotic progenitor channel are 
~ 1-30% (34, 35), consistent with observational constraints. 

The solution to the long-standing puzzle of the progenitors of SNe la is that there is no single 
progenitor path. It remains to be determined in what proportion different progenitor channels 
contribute to the total rate of SNe la, whether different channels result in different absolute 
luminosities or color evolution, and how the potential change of the relative contributions of 
different channels with look-back time may affect the use of SNe la in accurately measuring 
cosmological expansion. 
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Supplementary Material 



SI. Spectroscopy 

Optical spectra of PTF 1 lkx were obtained with several different telescopes: the Lick 3 m, 
Palomar 5 m, KPNO 4 m, WHT, Keck, and Gemini North. Spectra from the High Resolution 
Echelle Spectrometer (HIRES) on Keck I were reduced using the Mauna Kea Echelle Extraction 
(makee) software packagej. Spectra from other telescopes and instruments were reduced using 
standard methods. Journals of observations are given in Tables SI and S2; UT dates are used 
throughout this paper. A time series of low-resolution spectra for PTF 1 lkx is shown in Fig. 1. 



S2. Photometry 

Photometry in the r band was collected as part of the normal PTF transient search on the 
Palomar 48 in telescope (36). PTF 1 lkx was also followed by the 2 m Faulkes Telescope North. 
Between January 27, 2011 and June 9, 2011 (133 days), 46 epochs were obtained in the SDSS 
g and r bands, and 45 epochs in the SDSS i band. Photometric observations of PTF 1 lkx were 
resumed on September 30, 201 1 . At the location of PTF 1 lkx there is a substantial background 
due to the host galaxy. When this is the case, photometry for SNe is usually accomplished 
through difference imaging analysis, where an image without the SN present is used as a differ- 
ence imaging template. Reference images for PTF 1 lkx have not yet been taken on the Faulkes 
North, and so only preliminary photometry is currently available. To at least roughly subtract 
the host galaxy, we used SDSS images as difference imaging templates. Visual inspection of 
the difference images reveals that the host-galaxy background is subtracted successfully, and 

1 http ://spider. ipac . caltech. edu/staff/tab/makee 
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thus the use of templates from a different instrument does not significantly affect the conclu- 
sions that PTF 1 lkx is a member of the broad/bright SN class. Initial photometry suggests that 
PTF 1 lkx declines more slowly at epochs later than ~ +20 days than the templates of the same 
class, which is another indication of circumstellar interaction, and late-time (~ 280 days) pho- 
tometry confirms this. Data were processed using the photpipe reduction pipeline (37, 38). 
Difference imaging was done using hotpants (39). Source detection and PSF photometry 
was done using dophot (40). The photometry was calibrated by comparison of stars in the 
field of PTF 1 lkx to magnitudes provided by the SDSS DR8 database (41). 

S3. SN Light Curve 

Comparing the colors of the SN to templates from the SiFTO SN light-curve model (42), 
we estimate that the SN is only moderately extinguished by dust, with the extinction amounting 
to ~ 0.5 mag in the V band. It is commonly assumed that the equivalent width of the Na D 
lines is correlated with the value for extinction by dust (e.g. 43), and so the small value of 
the equivalent width of the non-variable Na D lines also supports this conclusion. While this 
correlation has been shown to have significant scatter (44), this is most relevant for equivalent 
widths larger than those measured in PTF 1 lkx. Assuming a concordance cosmology (H = 70 
km s" 1 Mpc -1 ), the absolute £?-band magnitude of PTF llkx is ~ —19.3, which is on the 
bright end of the SN la luminosity function and is consistent with the observed distribution of 
high-stretch SNe la. The date of maximum light (in the B band) of PTF 1 lkx is January 29, 
2011. Comparisons with the broad SN la 1999aa (45), the "normal" SN la 2002er (45), and 
the CSM-interaction SNe la 2002ic (17) and 2005gj (46), are shown in Fig. SI. While the 
photometry is preliminary, we can draw a few important conclusions: (i) the light curve is of 
the high-stretch class and is qualitatively similar to that of SN 1999aa and SN 199 IT, (ii) the 
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light curve is markedly dissimilar to that of SN 2002ic and SN 2005gj, and (iii) the absolute 
magnitude at peak is consistent with the population of previously observed SNe la. 

S4. Radio Observation 

PTF 1 lkx was observed on March 30, 201 1 in the X-band using the Expanded Very Large 
Array (EVLA), yielding a nondetection with a la root-mean- square of 23 /iJy. Using a model 
of SN interaction with a smooth wind puts an upper limit on the inferred mass-loss rate in the 
wind (47) of ~ 4.5 x 10~ 6 M Q yr" 1 (t> w /10 km s" 1 ) 165 , where v w is the velocity of the wind. 
The radio emission strength depends on microphysical parameters such as the strength of the 
magnetic fields generated in the interaction (the e B parameter), and if these magnetic fields are 
weaker than has generally been assumed, then the constraints on the rate of mass loss would be 
less strict by perhaps an order of magnitude (31). Estimates of the mass-loss rate for symbiotic 
novae such as RS Ophuichi are ~ 3 x 1CT 7 M yr _1 , well below our constraint (48). 

S4. Host- Galaxy Properties 

The host galaxy of PTF 1 lkx is a late-type, spiral galaxy. The properties of the host galaxy, 
such as the star-formation rate, mass, and metallicity, are not unusual in any way. The absolute 
magnitude is M g m —19.47, and the metallicity has been derived by (49) to be 12 + log(0/H) 
pa 8.93, which is slightly larger than solar. This indicates that PTF llkx does not obviously 
arise from an atypical local environment. As a comparison, the host galaxies for SN 2002ic and 
SN 2005gj were low-luminosity galaxies with corresponding low metallicities, which has been 
assumed to play a role in the presence of CSM in the SN systems. PTF 1 lkx demonstrates that 
CSM interaction can occur in a SN la even in a more normal galactic environment. 
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S5. Alternative Models for CSM-Interaction SNe la 

As discussed in the main text, PTF 1 lkx bears similarities to SN 2002ic, an apparent SN la 
with circumstellar interaction. Subsequent to the discovery of SN 2002ic, several alterna- 
tive models were proposed as possible explanations. Given the association of PTF 1 lkx with 
SN 2002ic we question whether any of those models are viable alternatives for PTF 1 lkx. In 
PTF llkx, the multiple shells of CSM, the nonuniform distribution of the CSM, and the long 
delay between explosion and circumstellar interaction are important additional constraints. 

The "SN 1.5" Model: The "SN 1.5" model involves the explosion of the degenerate core 
of a massive star (50). This model cannot explain the long delay in the onset of emission, the 
nonuniform distribution of CSM, or the multiple shells of material seen in PTF 1 lkx. 

A Luminous Blue Variable Progenitor: The arguments for an LBV progenitor applied 
only to SN 2005gj (51), which had much stronger CSM interaction than SN 2002ic, and were 
based mainly on the double P-Cygni profile in the Ha line, a feature which is not present in 
PTF llkx. 

A Peculiar SN Ic: The possibility that SN 2002ic was a SN Ic (52) was based on the pos- 
sible presence of Mg and O in the late-time spectra. The spectra of PTF 1 lkx shown in Fig. 1 
definitively rule out a core-collapse SN in this case. 

A Double-Degenerate SN la: Subsequent to the suggestion that SN 2002ic had a double- 
degenerate progenitor (53), additional modeling has shown that it is not expected that any sig- 
nificant circumstellar material from the common-envelope phase can remain at the time of the 
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SN explosion (22). Moreover, modeling of the possible CSM due to wind generated during the 
merger process of a double-degenerate progenitor cannot account for the presence of hydrogen 
(23). A double-degenerate progenitor also does not explain the multiple distinct shells of CSM. 

Supersoft, Single-Degenerate Progenitor: The model of (54) could possibly explain many 
of the features of PTF 1 lkx, but our symbiotic nova model naturally explains the low expansion 
velocity of the CSM (65 km s _1 for PTF 1 lkx instead of ~ 100 km s -1 ), the multiple shells of 
CSM, and the delay between explosion and interaction, while the (54) model does not. 

S6. Rate of SNe la with Symbiotic Nova Progenitors 

One of the features of PTF 1 lkx that supports the conclusion that it is from a symbiotic 
nova progenitor is the prominent H and Ca emission seen ~ 59 days after explosion. The 
SDSS-II SN Survey had a high degree of spectroscopic completeness for SNe la at z < 0.15, 
and the discovery of one CSM-interaction SN la (SN 2005gj) in a sample of 80 SNe la with 
z < 0.15 implies a rate of such SNe of ~ 1 % (55). The Palomar Transient Factory currently has 
discovered ~ 1000 SNe la with one known example of a CSM-interaction SN la (PTF 1 lkx), 
but the spectroscopic completeness has not yet been determined or quantified and so this can 
only be considered an order of magnitude estimate for the rate of CSM-interaction SNe. 

However, an important conclusion from the discovery of PTF 1 lkx is that SNe la exist that 
show CSM-interaction at weaker levels and later onset than SN 2002ic and SN 2005gj. This 
suggests that there is a continuum of CSM-interaction in SNe la. If the continuum of interac- 
tion strength extends to lesser values and later onsets, then the signs of interaction would be 
missed in a large fraction of SNe la, as they do not typically have high-signal-to-noise ratio 
spectroscopic observations at epochs > 60 days after explosion. The discovery of PTF llkx 
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highlights the importance of more extensive spectroscopic and photometric follow-up monitor- 
ing for SNe la extending to late times to determine the rate of SNe la with significant circum- 
stellar material from the progenitor system. Furthermore, CSM-interaction SNe la with greater 
interaction strength could be classified as SNe Iln and these would contribute an undetermined 
fraction to the overall SN la rate. Therefore, we can only say that SNe la with prominent CSM 
interaction occurring near maximum light is ~ 0.1-1%. Population synthesis modeling predicts 
the fraction of SNe la from the symbiotic binary channel to be ~ 1% (33) to as much as 30% 
(34), which encompasses the range of observational constraints. 

The existence of a red giant companion could in principle be detected through radio emis- 
sion due to interaction of the SN ejecta with the wind from the secondary, but no SN la has yet 
been detected in the radio. However, the mass-loss limits derived via radio nondetections (47, 
56) do not generally constrain RS Oph-like systems which has a mass-loss rate of ~ 3 x 10~ 7 
M yr -1 . Moreover, theory and observations suggest that the CSM distribution in symbiotic 
novae is nonuniform and the expected radio emission taking this into consideration has not yet 
been modeled. It is therefore unclear what effect this has on the limits derived from nonde- 
tection, but it is plausible that this would introduce a viewing-angle dependence that would 
decrease the chance for detecting the radio signal. 

S7. Ha and Ca II Fluxes 

Starting with the day +39 spectrum, a broad component of the Ha emission begins to ap- 
pear; the profile can be decomposed into broad and narrow components. The full width at 
half-maximum intensity (FWHM) and the integrated fluxes in the broad component are given 
in Table S3. Starting with the day +56 spectrum, the Ca II emission begins to have a Gaussian 
appearance and the residual absorption seen in earlier spectra appears to be gone. The FWHM 
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and the integrated fluxes in the Ca II H&K lines are given in Table S4. To derive these val- 
ues, the spectra were first spectrophotometrically calibrated to the r-band photometry from the 
Faulkes 2 m telescope. The Gaussian components of the emission feature were then fit using 
the deblending function in the iraf splot procedure. 



S8. Mass Estimates 

In the near-maximum-light spectra, the equivalent widths of the Ca II H&K lines are ~ 
10 A. The lines are saturated, and on the square-root portion of the curve of growth, so that the 
equivalent width, W\, is given by 

W X = {N^A ullu fl\ (1) 
2vrc gi 

where N is the column density, A is the wavelength of the transition, A ui is the Einstein sponta- 
neous emission coefficient, 7 M is the radiation damping constant, and g u and gi are the statistical 
weights of the upper and lower states, respectively. For the Ca II K line, with Ao = 3933.6 A, 
this results in N = 4.44 x 10 16 W% cm~ 2 . Thus, the column density in Ca II is ~ 5 x 10 18 cm -2 . 
We write the total Ca mass as M Ca = k x 47rr 2 , where r is the radius at which the material 
exists and k is the covering fraction. The radius, r, can be estimated from the velocity of the 
SN ejecta, which we take to be v 25,000 km s _1 , and the time at which the Ca goes into 
emission, which is ~ +59 days after explosion. This results in 

M , = 3.43 x 10- * ( 25 , 000 " km s -, 59 l ys ) 2 < 5 x ^ cm - 2 ) (?) 

Assuming a solar composition for the CSM, a value of k — 1 would imply a total mass 
in the CSM shell of ~ 5.3 M . Modeling of the light curve for the CSM SNe 1997cy and 
2002ic results in an estimate of the mass in the CSM for those SNe of several solar masses (22). 
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The total luminosity of PTF llkx is much less, and the decline rate much greater than that of 
either SN 1997cy or SN 2002ic, implying that the total CSM mass is also much less. Thus, 
we conclude that fc« 1, and that the CSM material that generates the Ca II absorption is not 
uniformly distributed. 
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UT Date 


Exposure Time (s) 


SN Phase (days) 


Wavelength Range 


Median S/N 


R (A/AA) 


20110128 


1000 


-1 


3682-6538 


10.4 


48000 


20110207 


1800 


+9 


4017-8564 


6.2 


48000 


20110218 


1800 


+20 


3682-7993 


3.5 


48000 


20110314 


3600 


+44 


3682-7992 


4.2 


48000 



Table SI. Journal of high-resolution spectroscopic observations. All spectra were taken with 
the HIRES instrument (57) on the Keck I telescope. 



UT Date 


Telescope 


SN Phase (days) 


Wavelength Range (A) 


20110126 


Lick 3 m 


-3 


3448 - 10142 


20110128 


Palomar 200in 


-1 


3490 - 9750 


20110202 


Lick 3 m 


+4 


3440 - 9754 


20110203 


KPNO 4m 


+5 


3487 - 7570 


20110209 


Lick 3m 


+11 


3430 - 10138 


20110221 


WHT 


+23 


3190 - 9279 


20110227 


Lick 3m 


+29 


3400 - 10000 


20110309 


Keckl 


+39 


3330 - 10188 


20110312 


Keckl 


+42 


3948 - 6128 


20110326 


Keckl 


+56 


3125 - 10233 


20110402 


Gemini North 


+63 


3815 - 9701 


20110411 


KPNO 4m 


+72 


3450 - 8451 


20110427 


Keckl 


+88 


3100 - 10200 


20110608 


WHT 


+130 


3036 - 9499 



Table S2. Journal of low-resolution spectroscopic observations. 



UT Date 


SN Phase (days) 


a v (km s x ) 


Flux (ergs s : ) 


20110309 


+39 


600 


1.64e+39 


20110326 


+56 


980 


4.36e+39 


20110402 


+63 


1050 


4.60e+39 


20110427 


+88 


1590 


1.84e+40 


20110608 


+130 


2040 


1.29e+40 



Table S3. Ha velocity dispersion and integrated flux values. 



UT Date 


SN Phase 


Call K a v 


Call K Flux 


Call H a v 


Call H Flux 




(days) 


(kms" 1 ) 


(ergs s _1 ) 


(kms" 1 ) 


(ergs s _1 ) 


20110326 


+56 


780 


4.56e+39 


610 


2.75e+39 


20110402 


+63 


680 


2.56e+39 


380 


1.10e+39 


20110427 


+88 


850 


4.42e+39 


970 


2.72e+39 



Table S4. Ca II H & K velocity dispersions and integrated flux values. 
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Figure 1 : Comparison of spectra. A temporal series of spectra of PTF 1 lkx is compared with 
that of the broad/bright SN 1999aa (7), and the CSM-interaction SN la, SN 2002ic (16), all at a 
similar phase. The location of Mg II, Fe II, S II and Si II present in the SN ejecta are labeled. 
The presence of both Si II and S II is a feature seen uniquely in SNe of Type la. 
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Figure 2: The temporal evolution of narrow absorption features in PTF llkx. The panels 
show (a) Na I D2 , (b) Fe II A5018, (c) Fe II A5316, (d) Na I Dl, (e) Fe II A5169, and (f) He I 
A5876. Separate components of Na I D are labelled as A, B, and C. Component A strengthens 
with time and is interpreted as ionization from the SN followed by recombination, and thus is 
from circumstellar material. Components B and C are attributed to the interstellar medium. The 
velocities are given relative to component B, which is taken as indicative of the local velocity 
of the SN progenitor system. The lower excitation states of Fe II (panels (b) and (e)) are seen to 
vary with time, while the higher excitation Fe II line (panel (c)) appears to be constant in time. 
He I absorption emerges in the later spectra. The vertical dashed line marks the velocity of the 
circumstellar material at —65 km s _1 . The horizontal dashed lines mark 1 and in normalized 
flux units. A cosmic ray in the day —1 spectrum near Na I Dl is marked by "CR"; it produces 
a spurious absorption feature near the C component. 



24 



X 
3 



T3 
0) 
N 



"a 

N 



— -1 days 

— +39 days 

— +56 days 

— +88 days 
— +130 days 



— +9 days 

— +20 days 

— +44 days 




-1500-1000 -500 500 1000 1500 

Av (km s _1 ) 



-500 o 

Av (km s _1 ] 



Figure 3: The temporal evolution of Ha and Ca II K features in PTF llkx. (a) Low- 
resolution Ha, (b) high-resolution Ha, (c) low-resolution Ca II K, and (d) high-resolution 
Ca II K. The +9 and +20 day high-resolution Ca II spectra have been rebinned to 20 km s _1 
precision for clarity of presentation. The vertical dashed line marks the velocity of the slower 
circumstellar material at —65 km s _1 . The large optical depth in the Ha line causes an apparent 
blueshift in the absorption minimum, relative to the —65 km s _1 expansion velocity of the nar- 
row lines shown in Fig. 2. The horizontal dashed lines mark and 1 in normalized flux units and 
show that at early times the Ca II lines are saturated. Narrow absorption, indicated by an arrow, 
can be seen superposed on the broad emission in the day +44 spectrum in panel (d). Narrow 
interstellar lines of Ca II, corresponding to components B and C in panels (a) and (d) of Fig. 1, 
can be seen at km s _1 and +45 km s -1 . Several spectra in (a) and (c) appear to show narrow 
absorption superposed on broad emission, although the absorption is not always resolved. This 
indicates that, subsequent to the onset of CSM interaction, slower-moving material external to 
the inner shell of interacting material remains, possibly due to a decelerated nova shell. 
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Figure 4: Schematic showing the interpretation of the observations of PTF llkx. In the 

symbiotic nova progenitor system, a red giant wind deposits CSM into the system which is 
concentrated in the orbital plane. Episodic nova events further shape the CSM, resulting in 
expansion velocities of ~ 50-100 km s _1 . There is an inner region of material containing at 
least H and Ca, moving at ~ 100 km s -1 , surrounded by more distant material containing H, 
Ca, Na, Fe, Ti, and He, moving at ~ 65 km s _1 . The presence of hydrogen in the inner region is 
inferred from the onset of emission, concurrent with the onset of Ca II emission. This geometry, 
and the delay in the onset of CSM emission, is consistent with a relatively recent nova whose 
ejecta are sweeping up the circumstellar material and decelerating. The inner boundary of CSM 
is at a distance of ~ 10 16 cm, as determined from the onset of interaction. 
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Figure SI: Comparison of the preliminary light curve of PTF llkx to that of other SNe la. 
The data are the observer-frame magnitudes, without ^-corrections. The PTF llkx and SN 
2005gj photometry is given in gri, and the other SNe in some combination of BRI. The red, 
green, and yellow points denote B/g, R/r, and I/i, respectively. The broad/bright SN 1999aa 
(solid) and the "normal" SN 2002er (dash-dot) are shown for comparison. Also shown are the 
CSM-interaction SNe la 2002ic (dashed) and 2005gj (dotted). PTF llkx is much fainter than 
SN 2005gj and SN 2002ic, indicating a weaker/later onset of CSM interaction. The late-time, 
approximately constant, brightness of PTF llkx is marked by the horizontal lines on the right 
side of the figure. Spectroscopically and photometrically, PTF 1 lkx bridges the observational 
gap between SN 1991T/SN 1999aa and SN 2002ic/SN 2005gj. 
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